Background: Insomnia is two to three times more prevalent in cancer survivors than in the general population, where it is estimated to be 10% to 20%. Cognitive-behavioral therapy for insomnia (CBT-I) is the recommended treatment for chronic insomnia, but meeting survivor needs remains a challenge. Internet-delivered CBT-I (iCBT-I) has been shown efficacious in otherwise healthy adults. We tested the efficacy of iCBT-I in breast cancer survivors with clinically significant sleep disturbance. Methods: Women from a national sample of Danish breast cancer survivors who experienced clinically significant sleep disturbance were randomly allocated to iCBT-I or waitlist control (55:45). The fully automated iCBT-I program consisted of six cores. Online measures of insomnia severity, sleep quality, and fatigue were collected at baseline, postintervention (nine weeks), and follow-up (15 weeks). Online sleep diaries were completed over two-week periods pre-and postintervention. Intention-to-treat analyses (time Â group interactions) were conducted with mixed linear models and corrected for multiple outcomes. All statistical tests were two-sided. Results: A total of 255 women were randomly allocated to iCBT-I (n ¼ 133) or waitlist control (n ¼ 122). Statistically significant (P .02) time Â group interactions were found for all sleep-related outcomes from pre-to postintervention. Effect sizes (Cohen's d) ranged from 0.33 (95% confidence interval [CI] ¼ 0.06 to 0.61) for wake after sleep onset to 1.17 (95% CI ¼ 0.87 to 1.47) for insomnia severity. Improvements were maintained for outcomes measured at follow-up (d ¼ 0.66-1.10). Conclusions: iCBT-I appears to be effective in breast cancer survivors, with additional benefit in terms of reduced fatigue. This low-cost treatment could be incorporated in cancer rehabilitation programs.
in individuals with insomnia as their primary problem and in patients with co-occurring diagnoses such as cancer (16) .
Due to limited availability of trained therapists and the relatively high costs of face-to-face-delivered CBT-I (17), a considerable challenge remains to make it available and accessible to meet population needs. Delivering CBT-I over the internet (iCBT-I) is a possible solution. A meta-analysis (18) of 11 RCTs of iCBT-I found statistically significant effects on key sleep outcomes such as insomnia severity, sleep efficiency (SE), wake after sleep onset (WASO), total sleep time (TST), sleep onset latency (SOL), number of nocturnal awakenings (NA), and subjective sleep quality at post-treatment, with effect sizes (Hedges's g) ranging from small (0.2) to large (1.1). Furthermore, the effects were generally maintained up to several months postintervention and comparable to those found for face-to-face-delivered individual and group-based CBT-Is (18) .
So far, only two feasibility trials have examined the efficacy of iCBT-I in cancer survivors: a small controlled pilot study with 28 survivors with mixed cancer diagnoses (19) and an uncontrolled feasibility trial with 171 breast cancer patients (20) . While both studies found statistically significant effects for several sleep outcomes, there is a need to evaluate the efficacy of iCBT-I in cancer survivors in large and well-designed RCTs. We therefore tested the efficacy of Sleep Healthy Using The Internet (SHUTi), previously shown efficacious in otherwise healthy adults with insomnia (21) and with promising pilot results in cancer survivors (19) , in a national sample of Danish breast cancer survivors experiencing clinically significant sleep disturbances.
Methods

Study Design and Participants
A national sample of 255 Danish breast cancer survivors experiencing clinically significant sleep disturbances (scores >5 on the Pittsburgh Sleep Quality Index [PSQI]) (22) were randomly assigned to iCBT-I (SHUTi) (21) or a waitlist control condition and assessed at baseline, postintervention (nine weeks), and follow-up (15 weeks). Eligible women were age 18 to 75 years and surgically treated according to the Danish Breast Cancer Group (DBCG) guidelines for locoregional breast cancer between June 1, 2011, and December 31, 2013. Exclusion criteria included recurrence of breast cancer, second cancer, severe psychological or physical comorbidity, other sleep disorders (sleep apnea, parasomnia, narcolepsy), and inability to read Danish. The study was approved by the Regional Science Ethical Committees (Registration No. 1-10-72-553-12) and the Danish Data Protection Agency and preregistered at ClinicalTrials.gov (NCT02444026).
Random Assignment and Masking
Recruitment, screening, and randomization were done in two waves. Based on names and addresses in the DBCG registry, research assistants mailed out invitations, screened the women who responded, sent out links to the online baseline questionnaire, and allocated women who completed baseline questionnaires using computer-generated lists (PASS v.12). All outcomes were assessed by online questionnaires (Qualtrics, Provo, UT) and automated online collection of sleep diaries integrated in the SHUTi platform. Researchers had no contact with study participants and no knowledge about allocation until after study completion.
Procedure
Sample size and allocation ratio were based on the average effect (d ¼ 0.38) across sleep outcomes reported in six trials of iCBT-I available at the time of planning the study (23) . To detect a statistically significant (P < .05) effect of a d value of 0.38 with a statistical power of 80% required a sample of 2 Â 109 participants. Based on the available trials (23), we anticipated an uneven dropout of 30% and 15% in the intervention and control groups, respectively, and planned to randomly assign 268 women in a ratio of 55:45 to intervention and control. Expecting a response rate of 50% and a prevalence of sleep disturbance of 50% (24), we anticipated a need to contact approximately 1600 women. In March 2015, letters including study information and a link to an online version of the Pittsburg Sleep Quality Index (PSQI) (22) were mailed out to a random sample of 1607 women in the DBCG registry fulfilling the age, surgery date, and clinical inclusion criteria. Women with PSQI scores greater than 5 who had provided their telephone number were contacted by research assistants, who conducted a structured screening interview with the aim of excluding women with comorbidities and other sleep disorders. Eligible women were mailed an informed consent form, and those who returned the signed form were e-mailed a link to the online baseline questionnaire. Those who completed the baseline questionnaire were then randomly assigned to intervention (SHUTi) or waitlist control, as described above. Because of the lower response rate and prevalence of sleep disturbance than expected, only 114 women had been included after the first recruitment wave. In September 2015, a second recruitment wave was initiated, in which 1599 letters were mailed out to another random sample from the same cohort. Following the same procedure as described above, this resulted in a final sample of 133 and 122 participants in the intervention and control groups, respectively. SHUTi (25) , a fully automated interactive iCBT-I based on well-established face-to-face CBT-I (26), was adapted into Danish. The program, which has been described in detail elsewhere (25) , consists of six successively delivered cores: introduction and treatment rationale (Core 1), sleep restriction and stimulus control (Core 2 and 3), cognitive restructuring (Core 4), sleep hygiene (Core 5), and relapse prevention (Core 6). Each core takes 45 to 60 minutes to complete, with new cores becoming available one week after the completion of the previous core. Participants receive automated e-mail prompts when it is time to complete a new core and reminders to complete sleep diaries. To receive updated sleep restriction recommendations, participants must complete at least 5 days of sleep diaries in a seven-day period. Based on this information, participants receive automatically computed tailored recommendations for sleep restriction. The fully automated program presents information through text, graphics, interactive activities, vignettes, and video clips. Participants were not in contact with researchers or research assistants unless they requested technical help. The program can be completed in as little as six weeks; however, participants were given nine weeks before postassessment was administered. At pre-and postintervention, all participants were instructed to access the online program and complete 10 sleep diaries over a two-week period, but access to the SHUTi intervention was not made available to waitlist controls until week 15, that is, six weeks after the postintervention assessment.
Measures
Participant Characteristics
Data obtained from the DBCG registry included age at surgery and cancer and treatment characteristics. Additional information obtained through the baseline questionnaire included sociodemographic data, health behaviors, work status and type, insomnia duration, sleep medication use, and chronotype (the reduced Morningness-Eveningness Questionnaire [rMEQ]; score range ¼ 5-25) (27) . Motivation and expectancy was measured with five ad hoc items (see Table 1 for further details on patient characteristics).
Outcomes
Primary sleep-related outcomes included insomnia severity and sleep quality at baseline, postintervention (nine weeks), and follow-up (15 weeks), and sleep diaries completed at pre-and postintervention. The secondary outcome of fatigue was assessed at baseline, postintervention, and follow-up. All instruments had either previously been translated or were translated into Danish for the present study using recognized approaches (28). (35) . §Age at surgery differs from age at inclusion (mean ¼ 2.9 years later). kWhen entering participants vs nonparticipants as the dependent variable and age and menopausal status (pre/post) as independent variables in a logistic regression, neither remained statistically significant (P ¼ .37 and .22). ¶When adjusting for multiple comparisons (35), chemotherapy did not reach the adjusted statistical significance level (P < .02).
#reduced Morningness-Eveningness Questionnaire (27) . **Five-item ad hoc scale.
Insomnia severity was assessed with the Insomnia Severity Index (ISI) (29) . Total scores range from 0 to 28, with higher scores indicating more severe insomnia. The ISI is a valid and reliable measure shown to be sensitive to changes in treatment studies (30) . A cutoff of 10 has been found optimal for detecting insomnia (30) . Internal consistency was 0.80 in the present sample.
Sleep quality was assessed with the Pittsburgh Sleep Quality Index (PSQI) (22) , which measures a broader concept than the ISI. The PSQI yields seven component scores summed to produce a global measure of sleep disturbance, with higher scores denoting poorer sleep quality (range ¼ 0-21). A cutoff of 5 has been suggested for the presence of sleep disturbance (22) . Internal consistency was 0.77.
An online version of the consensus sleep diary (31) was completed daily over a two-week period by both groups at pre-and postintervention (but not at follow-up). The diary measures time to fall asleep; number and length of any awakenings at night; time of awakening and arising from bed in the morning; length of any naps; subjective sense of how refreshed they felt on awakening as well as soundness of sleep during the night; and amount of medication and alcohol used as a sleep aid. Each sleep diary period yields the following outcomes: 1) SOL (minutes), 2) NA, 3) WASO (minutes), 4) early morning awakening (EMA; minutes), 5) time in bed (TIB; hours), 6) TST (hours), 7) SE (calculated as TST/TIB)Â100, and 8) the proportion of nights on which participants took sleep medication.
Fatigue was assessed with the 13-item Functional Assessment of Chronic Illness Therapy for Fatigue (FACIT-F) (32) . Raw scores range from 0 to 52, with higher scores indicating less fatigue. A cutoff score of 34 was used to determine the level of clinically significant fatigue (33) . Internal consistency was 0.91.
Statistical Analysis
Data were analyzed with IBM SPSS statistics, v.24 (IBM, Chicago, IL) when both waves had completed follow-up. Baseline differences between nonparticipants and participants and between the intervention and control groups were explored with t tests or v 2 tests. Intervention adherence was quantified as the number of SHUTi cores (1 to 6) completed. Study dropouts were defined as participants failing to complete questionnaires at postintervention and follow-up. For scales with internal consistencies of at least 0.70, mean substitution of missing values with the respondent's average response on the remaining scale items was used if respondents had completed at least 50% of the items (34) . Mixed linear models (MLMs) based on the intentto-treat sample were used to compare groups over time on all outcome variables, all treated as continuous variables. MLMs can be fit to all available data, including data from participants with missing values. An intervention effect was indicated by a statistically significant group Â time interaction. The false discovery rate (FDR) for baseline comparisons was controlled for multiple comparisons at baseline with the Benjamini-Hochberg procedure (35) , and the familywise error rate (FWER) for multiple outcomes was controlled with Holm's procedure (36) . Generalized estimating equation (GEE) models were used to examine between-group differences in changes over time (time Â group interaction) in dropout and proportions of participants above suggested clinical cutoffs (ISI, PSQI, SE, FACIT-F). Effect sizes are presented as Cohen's d, based on absolute betweengroup differences at postintervention and follow-up, with 0.2, 0.5, and 0.8 considered a small, medium, and large effect size, respectively (37) . All statistical tests were two-sided, and a P value of less than .05 was considered statistically significant.
Results
Participants
Between March 26 and Oct. 4, 2015, a total of 255 women were enrolled in the study. Clinical and demographic characteristics of participants and nonparticipants and the intervention and control groups are shown in Table 1 . Participants were on average two years younger and more likely to be premenopausal than nonparticipants. The two recruitment waves did not differ in background variables or outcome measures at baseline (P ! .11 for all). Attrition in the intervention and control groups from baseline to postintervention (22.6% and 18.1%) and follow-up (1.9% and 3.0%) was evenly distributed (time Â group interaction; Wald v 2 ¼ 0.80, P ¼ .67) (Figure 1 ). Dropouts and participants who completed postintervention assessments did not differ on any background or outcome variables at baseline (data not shown).
Sleep Outcomes and Fatigue
Statistically significant group Â time effects were found at postintervention for all but one outcome, with effect sizes (Cohen's d) ranging from 0.33 (95% confidence interval [CI] ¼ 0.06 to 0.61) for wake after sleep onset to 1.17 (95% CI ¼ 0.87 to 1.47) for insomnia severity (Table 2) . Changes in the proportion of nights on which participants took sleep medication did not reach statistical significance (P ¼ .09). Large effect sizes were found for improvements in insomnia severity (ISI), sleep quality (PSQI), and sleep efficiency; medium effect sizes for increased total sleep time, less time in bed, and fewer EMAs; and small effect sizes for shorter SOL, fewer NAs, reductions in fatigue (FACIT-F), and less time spent awake after sleep onset (WASO). Improvements were maintained for outcomes measured at follow-up, with effect sizes from 0.66 (95% CI ¼ 0.38 to 0.95) to 1.10 (95% CI ¼ 0.80 to 1.40). Effects for ISI and PSQI were large, and the effect for fatigue (FACIT-F) was of medium magnitude (Table 2) . Statistically significantly fewer participants in the intervention group than in the control group showed signs of clinically impaired sleep (cutoffs: ISI > 10 and PSQI > 5) at both postintervention (P < .001 and P ¼ .003) and follow-up (P < .001 and P ¼ .011) (Figure 2 ; see Supplementary Table 1 , available online, for further details). The reduction from baseline to postintervention in the proportion of participants with SE of less than 85% was statistically significantly larger in the intervention group than in controls (P < .001). Group differences in the change in the proportion of participants who were clinically fatigued (scores < 34) only reached statistical significance at follow-up (P < .001) (Figure 2 
Discussion
Our results extend previous findings (16, 18) to cancer survivors by demonstrating that iCBT-I can reduce insomnia severity and improve overall sleep quality in breast cancer survivors. Not only were the effects highly statistically significant, but also clinically relevant when comparing changes in proportions of participants with clinically significant sleep problems as determined by the suggested cutoffs for ISI, PSQI, and SE.
The postintervention effect sizes found for insomnia severity and sleep diary outcomes, ranging from 0.33 (95% CI ¼ 0.06 to 0.61) to 1.17 (95% CI ¼ 0.87 to 1.47), were generally comparable to those found in a previous pilot study with cancer survivors (95% CI ¼ 0.22 to 1.85) (19) and the aggregated effects found for face-to-face CBT-I in cancer survivors, ranging from 0.41 (95% CI ¼ 0.24 to 0.59) to 0.77 (95% CI ¼ 0.60 to 0.93) (16 contact their doctor if they wished to change their sleep medication use. Sleep effects were maintained over time. For insomnia severity and sleep quality, which were assessed at the follow-up, the effects remained statistically significant and tended to show continued improvement. The effect size at follow-up for insomnia severity (effect size ¼ 1.10, 95% CI ¼ 0.80 to 1.40) was larger than effect sizes found at follow-up for both iCBT-I in general population samples (effect size ¼ 0.68, 95% CI ¼ 0.42 to 1.30) (18) and face-to-face CBT-I in cancer survivors (effect size ¼ 0.55, 95% CI ¼ 0.37 to 0.73) (16) . It should here be mentioned that the time to follow-up in our study was relatively short. Cancer-related fatigue is a prevalent and distressing symptom among cancer survivors (5) , and, at baseline, on average 2.9 years after surgery, a considerable proportion (73.7%) of the breast cancer survivors in our study reported clinically severe fatigue (33) . While the relative decrease in the proportion experiencing severe fatigue (<34) did not reach statistical significance at post-treatment, fatigue continued to decrease, with only 34% reporting severe fatigue at follow-up, compared with 65% of controls, suggesting that the indirect effects of sleep improvement on fatigue may take more time to consolidate.
The study dropout rates of 22.6% and 18.1% in the intervention and control groups, respectively, are comparable to the average study dropout of 24.7% found in previous iCBT-Is with general population samples (18) and dropout rates of up to 33% found in face-to-face-delivered CBT-I (13). The average number of completed program cores was high (67%), and higher than the 52% reported in a meta-analysis of adherence to technologymediated insomnia treatments (38) . While the association found between adherence and improvement in insomnia severity, sleep quality, and SE at postintervention suggests potential benefits of attempts to further increase adherence, our results also indicate that adherence and effects can be substantial even with a fully automated program with no therapist contact.
Our trial has several strengths, including a national sample of breast cancer survivors who were generally comparable with nonparticipants, commonly used sleep measures enabling comparisons with existing studies of face-to-face and internetdelivered CBT-I, and study attrition and intervention adherence comparable to those found in similar studies with general population samples. Some limitations should be mentioned. First, participants were younger and more likely to be premenopausal at surgery than nonparticipants. However, the small mean age difference (two years) is unlikely to be a major threat to generalizability. Second, we used self-report sleep diaries rather than more objective assessments such as polysomnography. However, given the night-to-night variability seen in insomnia, sleep diaries over multiple nights may provide a more accurate picture of sleep disturbance (26) , and standardized sleep diaries provide a valid and important perspective on the individual's sleep. Third, the follow-up was relatively short (six weeks after postassessment) so as to not delay the treatment in the control group. Fourth, while the effects were similar to those reported for face-to-face CBT-I in cancer survivors (16) , comparability is limited by the lack of direct comparison with a face-to-face CBT-I condition. Finally, it is unknown whether our findings for breast cancer survivors can be generalized to other types of cancer survivors.
In conclusion, iCBT-I appears to be an efficacious treatment option for breast cancer survivors, with robust and clinically relevant postintervention effects found for multiple sleep outcomes that were maintained six weeks after completion of the intervention. With increasing Internet penetration rates 
Notes
The funders had no role in the design, data collection, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication. Drs. Ritterband and Thorndike have equity ownership in BeHealth Solutions, LLC, which has licensed the SHUTi program and the software platform on which it was built from the University of Virginia. The company had no role in preparing this manuscript. The terms of this arrangement have been reviewed and approved by the University of Virginia in accordance with its conflict of interest policy. The remaining authors have no conflicts of interest to declare. 
